Chronic sleep deprivation is increasingly common in industrialized societies. Short sleep duration has been associated with a number of negative health outcomes. The objectives of this study were to investigate the association between self-reported sleep duration and the presence of metabolic syndrome (combination of central obesity, triglyceride, high density lipoprotein, blood pressure, fasting plasma glucose) in adults during midlife. The Korean Genomic Rural Cohort (KGRC) is a cohort study of aged 40 to 70 years in rural Korea. This study focuses on the prevalence, incidence, and risk factors for chronic degenerative disorders, such as hypertension, diabetes, osteoporosis, respiratory diseases, and metabolic syndrome. The baseline sample of participants in the KGRC study was recruited in 2005-2006 (phase 1). Respondents were followed until 2008-2009 (phase 2). The final sample included 1,107 subjects: 386 males (34.9%) and 721 females (65.1%). The incidence rate of metabolic syndrome in our sample was 18.4% (21.2% for males and 16.9% for females). Subjects sleeping < 6 hours a day (HR: 1.798; 95% CI: 1.06-3.05) were significantly more likely to experience metabolic syndrome than participants sleeping 6 to 7.9 hours a day after controlling for potential covariates (age, body mass index, menopause, smoking, alcohol and physical activity). Shorter sleep duration was associated with the high incidence of metabolic syndrome among females only. In conclusion, shorter sleep duration may be a significant risk factor for the development of metabolic syndrome in women.
Chronic sleep deprivation is becoming increasingly common in modern society (Bonnet and Arand 1995; Malik and Kaplan 2005; Shankar et al. 2008) . Sleep deprivation can be attributed to insufficient sleep duration (quantitative factors), fragmented sleep period (qualitative factors), or both (Malik and Kaplan 2005) . The average duration of sleep has decreased from 9 hours per day in 1910 to 7 hours per day in 2010 (Webb and Agnew 1975; National Sleep Foundation 2010) . Factors responsible for this change include increases in the numbers of individuals involved in shift-based and night work, longer workdays and commuting time, psychosocial stress and the advents of television, radio, and the internet (Malik and Kaplan 2005; Yaggi et al. 2006; Siervo et al. 2009 ).
Experimental studies have revealed that chronic sleep deprivation is associated with a number of negative health outcomes, including metabolic syndrome (Bass and Turek 2005; Spiegel et al. 2005; Wolk et al. 2005; Jennings et al. 2007; Hall et al. 2008 ). Metabolic syndrome is defined by the coexistence of several diagnostic factors. These factors include increases in waist circumference, blood pressure, fasting serum glucose levels, serum level triglycerides, and levels of high-density lipoprotein (HDL) cholesterol (Grundy et al. 2005) . Metabolic syndrome has been shown to predict both cardiovascular disease and type II diabetes and to be associated with higher rates of mortality (Lakka et al. 2002; Wannamethee et al. 2005) . Metabolic syndrome is characterized by insulin resistance, and is often referred to as insulin resistance syndrome (Lakka et al. 2002) . Although environmental, behavioral factors, and genetic factors likely interact to produce the syndrome, the pathogenesis of metabolic syndrome is still unclear (Reaven 1988; Liese et al. 1998) .
Despite improvements in the prevention, treatment, and awareness of metabolic syndrome, the prevalence of metabolic syndrome has increased over the past decade. In epidemiological studies, short-term sleep deprivation has been shown to lead to striking alterations in both metabolic and endocrine functioning (Spiegel et al. 1999) . Considering the significance of metabolic syndrome and its association with sleep, it is important to determine whether sleep quality and duration are associated with the presentation of metabolic syndrome (Jennings et al. 2007; Hall et al. 2008) . Possible pathways, which may link the decreased sleep duration and metabolic syndrome, include increased weight and changes in glucose metabolism and the development of diabetes (Hall et al. 2008) . A study examining the relationship between sleep deprivation and metabolic factors has shown that inadequate sleep is associated with increases in appetite and insulin resistance (Jennings et al. 2007 ). Spiegel and colleagues have reported that short-term sleep deprivation is associated with adverse physiologic changes in healthy individuals, including decreased glucose tolerance, decreased carbohydrate tolerance, increased insulin resistance, increased sympathetic tone, increased blood pressure, and elevated cortisol concentrations in the blood (Spiegel et al. 1999; Jennings et al. 2007 ).
Based on this evidence, we investigated the relationship between self-reported sleep duration and metabolic syndrome in middle-aged adults. We hypothesized that shorter sleep durations would be associated with the presence of metabolic syndrome. Gender-specific analyses were conducted and a number of potentially confounding variables were examined.
Materials and Methods

Study sample and data collection
The Korean Genomic Rural Cohort (KGRC), a sub-cohort of the Korean Genome Epidemiology Study (KOGES), is an observational cohort study of males and females aged 40 to 70 years in rural Korea. This study focuses on the prevalence, incidence, and risk factors for chronic degenerative disorders, such as hypertension, diabetes, osteoporosis, respiratory diseases, and metabolic syndrome. A second major goal of this study is to obtain comprehensive information on public health and function among Koreans. The baseline sample of participants in the KGRC study was recruited in [2005] [2006] (phase 1). The sample studied is a general random population sample. Respondents were followed until 2008-2009 (phase 2). Informed consent was obtained from all participants. The initial response rate was 87.7%, and the final cohort consisted of 3,081 participants, of which 1,259 were male (40.9%) and 1,822 were female (59.1%). Individuals over 56 years of age (n = 1,480), with diagnosed metabolic syndrome at phase 1 (n = 438), with a diagnosis of cancer at phase 1 (n = 31), who did not answer the sleep duration questions (n = 8), or who had missing data on any of the covariate measures (n = 20) were excluded from analyses. Thus, the final sample included 1,107 subjects: 386 males (34.9%) and 721 females (65.1%). All components and procedures of this study were approved by the Institutional Review Board of Wonju College of Medicine, Yonsei University.
Sleep duration
Data were collected through face-to-face interviews. Sleep duration was assessed by trained interviewers who asked, "What was your average daily sleep duration during the past year?" Response categories were (a) less than 6 hours, (b) 6-7.9 hours, (c) 8-9.9 hours and (d) 10 hours or more. We chose 6-7.9 hours per night as a reference category as that is the mean and median of sleep duration for this sample.
Metabolic syndrome
Metabolic syndrome was defined according to National Cholesterol Education Program (NCEP) criteria as the presence of three or more of the following five criteria (Grundy et al. 2005) :
[1] A waist circumference greater than 90 cm in males or greater than 80 cm in females;
[2] A fasting serum glucose level of 100 mg/dL or higher or the use of diabetes medication;
[3] A blood pressure of 130 mmHg systolic/85 mmHg diastolic or higher or the use of antihypertensive medication;
[4] A serum triglyceride level of 150 mg/dL or higher or the use of medication for dyslipidemia
[5] A high-density lipoprotein(HDL) cholesterol level of less than 40 mg/dL in males or 50 mg/dL in females or the use of medication for low HDL cholesterol
Assessment covariates
Information regarding potential confounding variables, including smoking habits, alcohol intake per day, and physical activity was obtained by a self-administered questionnaire. Smoking exposure was expressed in terms of packs per year. Total alcohol intake was computed as the sum of the intake of soju, beer, wine, liquor, and other alcoholic beverages per day. For analysis, a standard drink contained 10g of alcohol. Physical activity was classified according to the weekly frequency according to the following categories: none, light, moderate, and vigorous. Body mass index (BMI) was calculated as the individual's weight in kilograms divided by the square of their height in meters. The weight and height of the participants were measured by trained and certified technicians.
Statistical analysis
We compared sleep duration categories using chi-square tests and ANOVA. The results are expressed as the mean (SD) or frequency (%). All statistical analyses were conducted separately for each gender. After performing preliminary univariate and bivariate analyses, we used Cox proportional hazards regression models to estimate the relative risk and 95% confidence intervals for the presence of metabolic syndrome for each sleep duration category relative to the reference group while adjusting for covariates. Covariates included baseline age, BMI, smoking exposure (packs per year), alcohol intake (per day), physical activity, and menopausal status. A series of models were compared to search for any confounding variables. The first model was unadjusted. Age and BMI were added to model 1 to produce model 2. Model 3 was adjusted for potential confounding variables, including smoking exposure (continuous), alcohol intake (continuous), physical activity (none, light, moderate, or vigorous), and menopausal status.
Results
Baseline characteristics for male and female participants are shown according to the category of sleep duration (Tables 1 and 2 ). At baseline, more than half of the participants reported sleeping 6-7.9 hours per day (male: 54.0%, female: 55.9%). Among males, the participants sleeping less than 6 hours per day were typically older than other participants. A significant association was observed between TG levels and sleep duration. Specifically, the mean TG levels of participants sleeping less than 6 hours per day were lower than those of participants sleeping greater than or equal to 10 hours per day. A significant association was observed between HDL levels and sleep duration. Specifically, the mean HDL levels of participants sleeping less than 6 hours per day were higher than those of participants sleeping 6 to 7.9 and 8 to 9.9 hours per day. Among females, the participants sleeping greater than or equal to 10 hours per day drank significantly more alcohol per day than other participants. Table 3 shows the relationship between sleep duration at baseline and diagnosis of metabolic syndrome at the follow-up assessment for the subjects aged 40 to 55 years. There were 204 new cases of metabolic syndrome that developed over this period, 82 of which occurred in males and 122 of which occurred in females. The incidence rate of metabolic syndrome was 18.4% (male: 21.2% and female: 16.9%). There were significant differences among the sleep duration groups with respect to the incidence of metabolic syndrome for females. Specifically, among females, a higher percentage of participants sleeping less than 6 hours per day at baseline were diagnosed with metabolic syndrome at the follow-up period than female participants sleeping 6-7.9 hours per day. Table 4 shows the HR of being diagnosed with metabolic syndrome during the follow-up period according to Cox proportional hazards models. The interaction between sleep duration and metabolic syndrome was significant among females. In the unadjusted model (model 1), participants sleeping less than 6 hours per day were significantly more likely to be diagnosed with metabolic syndrome during the follow-up period than participants sleeping 6 to 7.9 hours per day (HR: 1.833; 95% CI: 1.10-3.05). After adjusting for age and BMI (model 2), participants sleeping less than 6 hours per day continued to be significantly more likely to be diagnosed with metabolic syndrome during the follow-up period than participants sleeping 6 to 7.9 hours per day (HR: 1.889; 95% CI: 1.12-3.18). Variables related to health behavior were added in model 3. After adjusting for the variables in model 2 plus smoking exposure (packs per year), alcohol intake (per day), and physical activity (model 3), participants sleeping less than 6 hours per day were not significantly more likely to be diagnosed with metabolic syndrome during the follow-up period than participants sleeping 6 to 7.9 hours a day (HR: 1.798; 95% CI: 1.06-3.05). 
Discussion
This prospective cohort study was conducted to investigate the relationship between self-reported sleep duration and metabolic syndrome. Findings from the KGRC study revealed gender-specific associations between sleep duration and metabolic syndrome. In particular, shorter sleep durations (less than 6 hours per day) were associated with a higher incidence of metabolic syndrome among females in midlife.
Previous studies have shown that shorter sleep durations are associated with obesity, hypertension, diabetes, CHD, and metabolic syndrome. Additionally, a randomized prospective clinical trial of the association between sleep duration and weight gain is ongoing at present (Cizza et al. 2010 ). There are a number of biological mechanisms through which reduced sleep durations may lead to metabolic syndrome. Experiments have demonstrated that shortterm sleep deprivation among healthy subjects results in adverse physiological changes, including decreased glucose tolerance and increased insulin resistance, increased sympathetic tone, and increased blood pressure (Spiegel et al. 1999) .
In this study, there were no associations between sleep duration and metabolic syndrome among males. Previous studies have reported that gender-specific differences in sleep patterns may be influenced by differences in social or household roles or sex hormones (Antonijevic et al. 1999; Park et al. 2001 ). There are differences in the incidence of dyslipidemia in males and females, as the presence of estrogen strongly affects serum lipid and lipoprotein levels (Godsland et al. 1987; Sacks et al. 1995) . Additionally, there are differences in insulin resistance or hyperinsulinemia and adipokine secretion and synthesis (RegitzZagrosek et al. 2006) . A recent study shows parathyroid hormone is associated with metabolic syndrome in women (Roislien et al. 2011) . Some epidemiologic studies have shown an increase in the prevalence or a higher incidence of metabolic syndrome in females than males (Williams et al. 2003; Ford et al. 2004; Steinbaum 2004) .
We observed an association between shorter sleep durations and metabolic syndrome for participants between the ages of 40 and 55 years at baseline. We excluded older subjects from these analyses for a number of reasons. Specifically, elderly individuals often experience changes in sleep structure with increased difficulties in sleep initiation and maintenance. Elderly retired subjects also have more opportunities to take naps during the day than people of working age (Gangwisch et al. 2006) .
According to the results, the mean HDL levels of participants sleeping less than 6 hours a day were higher than those of participants sleeping 6 to 7.9 and 8 to 9.9 hours a day in men. Furthermore participants sleeping less than 6 hours had the lowest TG levels compared to the other groups in men. These findings are confusing and are against the hypothesis. The evidence linking sleep duration to cardiometabolic risk is varied (Hall et al. 2008) .
We focused on midlife adults and detected an 18.4% incidence of metabolic syndrome at 2-4 years follow-up (male: 19.9%, female: 15.2%). Studies of a representative sample of Turkish adults showed the incidence of metabolic syndrome to be 23.0% in males and 24.9% in females over a 5.9-year follow-up period (Onat et al. 2007a (Onat et al. , 2007b ). Zabetian and colleagues showed a 20.4% age-adjusted incidence of metabolic syndrome (male: 18.4%, female: 23.1%) over a 3-year follow-up period (Zabetian et al. 2009 ). In a 4-year cohort study of Taiwanese adults aged 19-84 years, there was 12.7% incidence of metabolic syndrome (male: 17.5%, female: 8.3%), using the modified ATPIII definition (Yang et al. 2008) .
The strengths of this study include the examination of prospective gender-specific relationships between sleep duration and the development of metabolic syndrome. Additionally, this study simultaneously included a number of potential confounding variables known to be related to both sleep patterns and metabolic syndrome.
There were some limitations to this study. First, information about sleep duration was acquired by self-report. Self-reported questionnaires may be affected by recall bias and do not provide measures of sleep effects (Jennings et al. 2007) . The stability of self-reported sleep duration is not known, but self-report measures of this kind have been shown to be valid measures when compared to quantitative sleep assessments with monitoring (Lockley et al. 1999; Gangwisch et al. 2006) . The KOGES data do not include information about sleep quality or the reasons for short sleep duration. Sleep quality is significantly related to the development of metabolic syndrome. This study lacked information on insomnia and sleep apnea, potential confounding factors of the association between sleep duration and the development of metabolic syndrome (Jennings et al. 2007) . A further limitation of this study is the short time between the baseline assessment and follow-up (2-4 years), which may have precluded us from detecting significant effects of sleep deprivation on subsequent presentations of metabolic syndrome. Additionally, we cannot exclude unrecognized confounding variables such as depression (Mezick et al. 2011 ) and a few medications (e.g. antipsychotic drugs, glucocorticoids) as possible causes of the reported associations. Some medications (e.g. antipsychotic drugs, glucocorticoids) have metabolic effects (on weight gain, lipid abnormalities, and glucose metabolism) (Tschoner et al. 2007) , and some medications (e.g. sleep medication and antidepressant drugs) have been shown to interfere with sleep characteristics (particularly sleep architecture) (Foral et al. 2011 ). We could not include these variables due to low positive findings. There were no obligatory restrictions for the subjects in the follow-up period for physical activity, food intake, weight etc. Only, we informed results of examination and educated importance of health behavioral changes.
Waist circumference as a surrogate marker for abdominal adiposity is an essential component of metabolic syndrome. Specialists recommend many different cutoff values according to specific ethnic groups. The Korean cutoff points are usually 85 for men and 90 for women. However, this definition has not been published officially in Korea. Therefore, we adopted the NCEP (2005) criteria for international comparison. When applying these modified criteria, the result that 'shorter sleep duration may be a significant risk factor for the development of metabolic syndrome in females' remains unchanged. The odds ratio is more elevated in females (HR, 95% CI: 2.39, 1.22-4.67).
In conclusion, in a rural population-based cohort of middle-aged Korean adults, we determined that short sleep duration is a risk factor for the development of metabolic syndrome among females at midlife. Further studies are needed to identify behavioral and biological pathways by which sleep duration affects the development of metabolic syndrome. It will be important to develop control and treatment strategies to augment behavioral and pharmacologic interventions for the development of cardio-metabolic diseases.
